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Background: Alcohol ingestion is asso-
ciated with an increased risk of breast
cancer in most epidemiologic studies.
Results, however, are heterogeneous at
lower levels of alcohol intake, and a
biologic mechanism for the association
has not been clearly identified. To de-
termine whether alcohol consumption
by postmenopausal women elevates se-
rum levels of hormones associated with
an increased risk of breast cancer,
we performed a controlled feeding
study. Methods: Participants were 51
healthy postmenopausal women not us-
ing hormone replacement therapy.
Each participant rotated through three
8-week dietary periods in which she
consumed 15 or 30 g of alcohol per day
or an alcohol-free placebo beverage.
The order of assignment to the three
alcohol levels was random. During the
dietary periods, all food and beverages
were supplied by the study, and energy
intake was adjusted to keep body
weight constant. Levels of estradiol, es-
trone, estrone sulfate, testosterone, an-
drostenedione, progesterone, dehydro-
epiandrosterone (DHEA), DHEA
sulfate (DHEAS), and androstenediol
were measured by radioimmunoassays
in serum collected at the end of each
dietary period. All statistical tests are
two-sided. Results: When women con-
sumed 15 or 30 g of alcohol per day,
respectively, estrone sulfate concentra-
tions increased by 7.5% (95% confi-
dence interval [CI] = −0.3% to 15.9%;
P = .06) and 10.7% (95% CI = 2.7% to
19.3%; P = .009) and DHEAS concen-
trations increased by 5.1% (95% CI =
1.4% to 9.0%; P = .008) and 7.5%
(95% CI = 3.7% to 11.5%; P<.001)
relative to levels when women con-

sumed placebo. None of the other hor-
mones measured changed statistically
significantly when women consumed
alcohol. Conclusions: Results suggest
a possible mechanism by which con-
sumption of one or two alcoholic drinks
per day by postmenopausal women
could increase their risk of breast can-
cer. [J Natl Cancer Inst 2001;93:
710–5]

The relationship between ingestion of
alcohol and the risk of breast cancer has
been evaluated in numerous case–control
and cohort studies [reviewed in (1,2)].
Most studies report positive associations,
but results are heterogeneous, particularly
at lower levels of alcohol intake. In a
combined analysis of 38 studies (1), con-
sumption of one alcoholic drink per day
was associated with a statistically signifi-
cant 11% increased risk of breast cancer,
and the risk increased with increasing in-
take (Ptrend <.001). Similarly, in a pooled
analysis of data from six cohort studies
(3), each 10-g increment of alcohol intake
per day statistically significantly in-
creased breast cancer risk by 9%. The as-
sociation of alcohol consumption with
breast cancer risk does not vary by wheth-
er alcohol is consumed as wine, beer, or
liquor (1–3).

Results of a recent meta-analysis (4)
indicate that postmenopausal women who
develop breast cancer have a mean serum
estradiol concentration that is 15% higher
than that in unaffected postmenopausal
women (P<.001). Although results are
less consistent for estrone and estrone
sulfate, in an analysis from the Nurses’
Health Study, postmenopausal women
with elevated serum concentrations of
these hormones had an approximately
twofold excess risk of breast cancer (5).
Serum concentrations of testosterone
(5–10), androstenedione (6,10), dehydro-
epiandrosterone (DHEA) (11), DHEA
sulfate (DHEAS) (5,6,10,12), and andro-
stenediol (11) also have been reported to
be statistically significantly higher in
postmenopausal women who subse-
quently develop breast cancer than in un-
affected postmenopausal women.

Clear evidence that alcohol consump-
tion increases levels of hormones related
to breast cancer would suggest a mecha-
nism by which alcohol could increase
breast cancer risk, thereby providing sup-
port for a causal relationship. Although
some observational data show an associa-
tion of alcohol ingestion with serum es-

trogen and androgen levels in postmeno-
pausal women, results are inconsistent
(13–18). In a metabolic study (19), inges-
tion of alcohol acutely raised serum es-
trone levels in postmenopausal women
using hormone replacement therapy
(HRT), but it did not affect serum estro-
gen levels in women not using HRT.

To clarify this issue, we performed a
controlled feeding study. Our primary ob-
jective was to evaluate the effect of
chronic moderate alcohol ingestion on
serum and urine hormone levels in post-
menopausal women not using HRT. Our
secondary objective was to evaluate the
effects of alcohol ingestion on serum lip-
ids, micronutrients, oxidative stress, and
DNA repair. We present results for serum
hormones in this report. Our other results
will be reported separately.

SUBJECTS AND METHODS

Participants

The Women’s Alcohol Study was conducted at
the Beltsville Human Nutrition Research Center,
U.S. Department of Agriculture, Beltsville, MD,
from 1998 through 1999. The participants were
recruited by posters and advertisements from com-
munities around Beltsville. To be eligible, women
had to meet the following requirements: 1) aged
50 years or older and postmenopausal (last menses
at least 1 year earlier); 2) not using HRT; 3) being
a nonsmoker; 4) having 90%–140% of ideal weight
for height (20); 5) having at least one intact ovary;
6) having no major health problems, such as heart
disease, stroke, diabetes, or cancer (other than non-
melanoma skin cancer); 7) not taking prescription
medications that could interfere with the study; 8)
having no food allergies; 9) willing to eat all the
foods and only the foods supplied by the study; 10)
having no history of alcohol abuse but not an ab-
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stainer; and 11) having no history of alcoholism in
their parents. The study was approved by institu-
tional review boards at the National Cancer Institute
(Bethesda, MD) and The Johns Hopkins University
School of Hygiene and Public Health (Baltimore,
MD). Before entering the study, the participants
signed an informed consent form.

A total of 65 women completed baseline visits
and were enrolled in the Women’s Alcohol Study.
Of these 65 women, 63 began the controlled feeding
study and 53 completed the study. Eight women
dropped out during the first dietary period, and two
women dropped out during the washout period that
followed. Two women found to be using glucocor-
ticoids at the time of blood collection after consump-
tion of the placebo beverage were subsequently ex-
cluded, leaving a total of 51 participants for analysis.

Experimental Design

The Women’s Alcohol Study used a three-period
crossover design. Each participant rotated through
three 8-week controlled dietary periods when she
consumed a different amount of alcohol—15 or 30 g
of alcohol per day or an alcohol-free placebo bev-
erage. The order of assignment to the three alcohol
levels was random. Each dietary period was pre-
ceded by a 2- to 5-week washout period when
women consumed no alcohol. All food and bever-
ages, including alcoholic beverages, were prepared
and supplied by the Beltsville Human Nutrition
Research Center’s Human Study Facility during the
controlled feeding periods, and the participants were
required to eat all items. Alcohol was supplied as
95% ethanol (Everclear™; Pharmco Products, Inc.,
Brookfield, CN) in orange juice (12 ounces). To
replace energy from 30 g of alcohol, the diets with 0
or 15 g of alcohol were supplemented with energy
from carbohydrates (Polycose™; Abbott Laborato-
ries, Columbus, OH) and soft drinks. The partici-
pants were instructed to consume their study bever-
ages with the snack supplied by the study over a
period of 1–2 hours before bedtime after completing
activities that require substantial manual dexterity
such as driving an automobile. The participants were
not told the alcohol content of the beverage.

Meals were prepared at the Beltsville Human
Nutrition Research Center from typical U.S. foods
on a 7-day menu cycle. Each day’s diet provided
15% energy as protein, 50% energy as carbohydrate,
and 35% energy as fat, with a polyunsaturated/
monounsaturated/saturated fat ratio of 0.6 : 1 : 1.
Daily dietary fiber intake was 10 g/1000 kcal, and
daily cholesterol intake was 150 mg/1000 kcal.
Diets provided 100% of the U.S. recommended di-
etary allowances for vitamins and minerals (21);
with the exception of calcium and iron, supplements
were prohibited. Each weekday, the participants
were weighed and caloric intake was adjusted in
200-kcal increments as needed to maintain body
weight constant throughout the study. On weekdays,
the participants ate breakfast and supper at the cen-
ter’s dining facility, and a carryout lunch was pro-
vided. Weekend food and beverages were packaged
for consumption at home.

Blood for hormone analyses was collected after
an overnight fast between 6:30 AM and 9:00 AM on
3 days during the last week of each dietary period.
Serum was separated, and aliquots were frozen at
−70 °C. An equal volume of serum from each day
was pooled for each dietary period for analysis of

hormones and sex hormone-binding globulin
(SHBG).

Laboratory Methods

Levels of DHEA and androstenediol in serum
were measured at the Reproductive Endocrine Re-
search Laboratory, University of Southern Califor-
nia School of Medicine, Los Angeles. The levels of
all of the other hormones were measured by Esoterix
Endocrinology, Inc. (Calabasas Hills, CA) using
standard procedures. DHEA and androstenediol
were extracted with hexane/ethyl acetate, 3 : 2 (vol/
vol), and were then chromatographed on Celite
(Celite Corp., Lompoc, CA) impregnated with eth-
ylene glycol before quantification by radioimmuno-
assay (RIA). Elution of DHEA was carried out with
25% toluene in isooctane, and elution of androstene-
diol was carried out with 100% toluene (11). Levels
of estradiol and estrone were measured by use of a
modification of the procedure developed by Wu and
Lundy (22). Serum samples were extracted with
hexane/ethyl acetate, 80 : 20 (vol/vol). The extract
was then washed with dilute base, concentrated, and
chromatographed on Sephadex LH20 micro-
columns (Sigma Chemical Co., St. Louis, MO).
Estradiol and estrone were specifically eluted with
benzene/methanol, 85 : 15 (vol/vol), and measured
by RIA. Androstenedione was first extracted from
serum with hexane/ethyl acetate, 99 : 1 (vol/vol).
The extract was then separated from the aqueous
phase by centrifugation (2200g for 2 minutes at
room temperature), and aliquots were evaporated
to dryness before quantification by RIA. The level
of testosterone was measured by a modification of
the procedure developed by Furuyama et al. (23).
Samples were extracted with hexane/ethyl acetate,
90 : 10 (vol/vol), and the extract was applied to alu-
minum oxide micro-columns. The columns were
washed with hexane containing 0.55% ethanol, and
testosterone was specifically eluted with hexane
containing 1.4% ethanol and quantified by RIA. Pro-
gesterone was extracted with hexane/ethyl acetate,
99 : 1 (vol/vol), and separated from the aqueous
phase by centrifugation (2200g for 2 minutes at
room temperature). Extracts were evaporated to
dryness before quantification by RIA. DHEAS was
measured by RIA as DHEA after enzymolysis of the
DHEAS. SHBG was measured with an immunora-
diometric assay. The serum sample and an SHBG
monoclonal antibody labeled with 125I were incu-
bated with plastic beads coated with a different
SHBG monoclonal antibody. The beads were
washed to remove unbound label, and the bound
radioactivity was measured. The percent non-
SHBG-bound estradiol and the percent non-SHBG-
bound testosterone were determined by ammonium
sulfate precipitation as described previously by
Nankin et al. (24). The concentration of non-SHBG-
bound steroid was then calculated as the product
of the percent non-SHBG-bound steroid and total
concentration.

Samples from each participant were grouped in
random order and were analyzed together in the
same batch. Within-batch coefficients of variation
estimated from hormone measurements on two to
four masked quality-control samples included in
each batch were as follows: estradiol � 12.1%, es-
trone � 16.8%, estrone sulfate � 7.8%, testoster-
one (one outlier excluded) � 11.0%, androstenedi-
one � 6.3%, DHEA � 10.7%, DHEAS � 4.9%,

progesterone � 20.7%, androstenediol � 9.4%, and
SHBG � 3.1%.

Statistical Methods

All hormone concentrations were transformed to
the loge before statistical analyses, so that treatment
effects could be evaluated as relative changes and
error terms would be approximately normal.
Changes in hormone concentrations from placebo on
15 and 30 g of alcohol per day were estimated by use
of linear mixed models, including the participant
as a random effect (i.e., a single random intercept)
and alcohol levels as fixed effects treated as two
indicator variables and, in separate models to test for
trend, as a continuous variable with values 0, 15, and
30 (25). To assess the effect of model assumptions
on study results, we also evaluated by paired Stu-
dent’s t tests the statistical significance of changes in
hormone levels when 15 or 30 g of alcohol was
consumed per day. These results were similar to
those obtained from linear mixed models for all hor-
mones (data not shown). Differences in hormone
concentrations among the three dietary periods were
evaluated by likelihood ratio tests of improvement in
the model fit after addition of two indicator variables
as fixed effects to models that included the partici-
pant as a random effect. Age, years since meno-
pause, race, and baseline body mass index (BMI �

weight in kg/[height in m]2) were constant through-
out the study for each participant and, therefore,
could not confound associations between alcohol
consumption and hormone levels. However, inclu-
sion of characteristics associated with hormone
levels in models could potentially improve the pre-
cision of parameter estimates for alcohol. Standard
errors (not shown) of alcohol parameter estimates
from simple models and from models that included
characteristics statistically significantly associated
with each hormone were compared to evaluate the
effect of adjustment on precision. Effect modifica-
tion by assignment order, dietary period, age, BMI,
race, and years since menopause was assessed by
likelihood ratio tests of improvement in a model fit
after addition of cross-product terms to models that
included main effects for alcohol and the character-
istic being evaluated. Age, BMI, and years since
menopause were modeled as continuous fixed ef-
fects. Assignment order, dietary period, and race
were included as indicator variables. Because only
two participants were Asian, tests for effect modifi-
cation by race were restricted to whites and blacks.
All tests of statistical significance were two-sided.
All analyses were performed with S-PLUS (26) and
SAS statistical analysis packages (27).

RESULTS

The characteristics of the participants
at baseline are summarized in Table 1. All
participants were postmenopausal. Their
ages ranged from 49.2 years to 78.8 years,
with a median of 58.2 years. Most
(74.5%) participants were white, 21.6%
were black, and 3.9% were Asian. The
participants reported consuming an aver-
age of 0.9 alcoholic beverage per week
(range � 0–15 drinks per week) before
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the study. The average body weights (±
standard deviation) were 73.4 kg (±17.0
kg), 73.1 kg (±16.3 kg), and 73.1 kg
(±16.8 kg) when participants consumed
no alcohol, 15 g of alcohol per day, or
30 g of alcohol per day, respectively.

The mean hormone concentrations in
the participants when not consuming al-
cohol and the percent changes from no

alcohol consumption when consuming 15
or 30 g of alcohol per day are summarized
in Table 2. Because inclusion of age,
years since menopause, race, and baseline
BMI in models did not change the preci-
sion of parameter estimates for alcohol,
results from simple models are presented.
Estrone sulfate was the only estrogen
that statistically significantly changed
concentrations when women consumed
alcohol; it increased by an average of
7.5% (P � .06) when women consumed
15 g of alcohol per day and by 10.7%
(P � .009) when women consumed 30 g
of alcohol per day. DHEAS concentra-
tions also increased statistically signifi-
cantly by an average of 5.1% (P � .008)
and 7.5% (P<.001) when women con-
sumed 15 or 30 g of alcohol per day,
respectively. Trend tests for both estrone
sulfate (P � .009) and DHEAS (P<.001)
were highly statistically significant. None
of the other hormones measured changed
statistically significantly when women
consumed alcohol.

The effect of alcohol on serum levels
of hormones and SHBG did not vary with
age, BMI, race, or years since menopause.
None of the hormone concentrations dif-
fered among dietary periods, and the or-
der of assignment to no alcohol or 15 or
30 g of alcohol per day did not modify
associations with any of the hormones or
SHBG.

DISCUSSION

Alcohol ingestion statistically signifi-
cantly increased postmenopausal wom-
en’s serum estrone sulfate and DHEAS
concentrations in this controlled feeding
study. After the women consumed for

8 weeks 15 or 30 g of alcohol per day,
respectively, estrone sulfate concentra-
tions increased by 7.5% and 10.7% and
DHEAS concentrations increased by
5.1% and 7.5%. Postmenopausal women
with elevated serum estrone sulfate (5,10)
and DHEAS (5,6,10,12) levels were
reported to be at an increased risk of
breast cancer in several recent prospective
cohort studies. Results from our study
showing that ingestion of the alcohol
equivalent of one or two drinks per day
statistically significantly raises serum lev-
els of these hormones provide a mecha-
nism by which moderate alcohol inges-
tion could increase breast cancer risk in
postmenopausal women.

To our knowledge, this is the first
study to evaluate, under controlled condi-
tions, the effects of chronic moderate al-
cohol ingestion on levels of serum estro-
gens and androgens in postmenopausal
women. The increase in serum estrone
sulfate levels that we observed after alco-
hol ingestion is consistent with results of
a cross-sectional analysis from the
Nurses’ Health Study in which the serum
levels of estrone sulfate in postmeno-
pausal women were positively correlated
with their reported usual alcohol ingestion
(r � .17; P = .02) (13). The increase in
serum DHEAS concentration that we ob-
served in this study of postmenopausal
women after alcohol ingestion is consis-
tent with our previously reported results
for premenopausal women (28). In our
earlier study (28), consumption of 30 g of
alcohol per day increased plasma DHEAS
levels by approximately 7% during both
the follicular and the luteal phases of the
menstrual cycle. DHEAS concentration in

Table 1. Characteristics of participants at baseline
(n � 51)

Characteristic Median Range

Age, y 58.2 49.2–78.8
Height, cm 163.1 152.1–179.7
Weight, kg 73.2 42.1–117.4
Body mass index, kg/m2 26.9 17.7–42.5
Years since last menses* 9 0.75–35
Parity, No. of children 2 0–8

Characteristic No. %

Race
White 38 74.5
Black 11 21.6
Asian 2 3.9

Educational level, y†
<12 5 10.0

12 17 34.0
13–15 12 24.0
16 7 14.0

>16 9 18.0
Parous

Yes 43 84.3
No 8 15.7

Menopause type
Natural 42 82.4
Hysterectomy 9 17.6

*One participant who was 9 months since last
menses at the start of the first washout period had a
baseline serum follicle-stimulating hormone concen-
tration of 101 mIU/mL. All other participants were
at least 1 year since last menses when they began the
study.

†One missing value.

Table 2. Geometric mean of serum hormone levels in participants when not consuming alcohol and percent change (�) in hormone levels
from no alcohol consumption to 15 g and 30 g of alcohol consumed per day

Hormone
No alcohol, mean

(95% CI)
15 g alcohol per day, �

(95% CI)*
30 g alcohol per day, �

(95% CI)* Ptrend†

Estradiol 0.69 (0.55 to 0.87) ngdL −7.7% (−22.4% to 9.7%) 5.3% (−11.4% to 25.2%) .56
Non-sex hormone-binding globulin (SHBG)-bound estradiol 0.34 (0.26 to 0.44) ng/dL −2.4% (−16.2% to 13.7%) 8.9% (−6.5% to 26.9%) .27
Estrone 2.9 (2.5 to 3.3) ng/dL −1.6% (−9.1% to 6.6%) 1.8% (−6.0% to 10.3%) .66
Estrone sulfate 47.1 (40.7 to 54.6) ng/dL 7.5% (−0.3% to 15.9%) 10.7% (2.7% to 19.3%) .009
Testosterone 17.2 (14.6 to 20.3) ng/dL 0.8% (−5.6% to 7.7%) 1.1% (−5.3% to 8.0%) .74
Non-SHBG-bound testosterone 3.5 (2.9 to 4.3) ng/dL 4.2% (−2.2% to 11.1%) 2.5% (−3.8% to 9.3%) .45
Androstenedione 81.4 (74.8 to 88.6) ng/dL −1.5% (−6.1% to 3.2%) −1.4% (−6.0% to 3.3%) .55
Dehydroepiandrosterone (DHEA) 295 (252 to 347) ng/dL −3.2% (−10.1% to 4.2%) −1.8% (−8.7% to 5.7%) .63
DHEA sulfate 54.9 (46.0 to 65.4) �g/dL 5.1% (1.4% to 9.0%) 7.5% (3.7% to 11.5%) <.001
Progesterone 15.7 (13.5 to 18.3) ng/dL −11.1% (−22.4% to 1.8%) −5.0% (−17.0% to 8.8%) .47
Androstenediol 43.7 (38.3 to 49.8) ng/dL 4.4% (−1.3% to 10.4%) 4.9% (−0.8% to 11.0%) .09
SHBG 76.0 (65.3 to 88.5) nmol/L −3.7% (−7.9% to 0.7%) −1.1% (−5.4% to 3.4%) .64

*Estimates of percent change are from linear mixed models, including participant as a random effect and alcohol levels as fixed effects treated as two indicator
variables.

†Ptrend values (two-sided) are from linear mixed models, including participant as a random effect and alcohol level as a continuous fixed effect with values 0, 15,
and 30.
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postmenopausal women has also been
positively related to alcohol ingestion in
cross-sectional analyses (16), but results
are not totally consistent (17).

Ginsberg et al. (19) evaluated the acute
effects of high-dose alcohol ingestion
(0.7 g/kg of body weight in 15 minutes)
on serum estradiol and estrone levels in
postmenopausal women under controlled
conditions. For 5 hours after alcohol in-
gestion, the serum estrone concentration
was statistically significantly elevated in
women using HRT, but the serum concen-
trations of estradiol and estrone were un-
changed in women not using HRT. None
of the women in our study were using
HRT, and the lack of an effect of chronic
moderate alcohol ingestion on serum
estradiol and estrone levels in our study is
consistent with results of the metabolic
study by Ginsberg et al. (19) and results
of several cross-sectional studies con-
ducted in perimenopausal (29) and post-
menopausal (13,17,18) women. However,
statistically significant gradients of in-
creasing serum estradiol concentrations
with increasing alcohol ingestion among
postmenopausal women have also been
reported (14–16).

Few studies have evaluated the rela-
tionship between alcohol ingestion and
serum androgen levels in postmenopausal
women. Similar to our findings, post-
menopausal women’s serum androstene-
dione and testosterone levels were not
associated with alcohol ingestion in three
cross-sectional studies (15,17,19).

DHEAS is exclusively secreted by the
adrenal glands (30), and elevated serum
levels of DHEAS after alcohol ingestion
suggest stimulation of adrenal steroido-
genesis. Although studies in humans are
conflicting (31–36), alcohol consistently
stimulates the hypothalamic–pituitary–
adrenal axis in animals (37). The adrenal
glands also secrete androstenedione and
DHEA. Although we did not observe ef-
fects of alcohol ingestion on serum levels
of these hormones, androstenedione and
DHEA are also secreted by the ovaries
and produced peripherally (30). There-
fore, changes in adrenal production could
have been masked by changes in produc-
tion elsewhere. Androstenedione and
DHEA have serum half-lives of only
about 1 hour, whereas DHEAS has a se-
rum half-life of almost 14 hours (38,39).
Because we collected blood for hormone
analyses approximately 10 hours after
women consumed alcohol, we would
have missed any transient elevations in

serum levels of androstenedione and
DHEA that may have occurred.

After menopause, estrogens are
formed from androgens in peripheral tis-
sues by aromatase (40). Increased produc-
tion of precursor androgens by the adrenal
glands could account for the elevation
in estrone sulfate levels that we observed
in women after alcohol ingestion. Al-
though we did not observe an effect of
alcohol on estrone levels, most of the
estrone formed in peripheral tissues is
converted to estrone sulfate by the estrone
sulfotransferase in these tissues and the
liver (41). Furthermore, the serum half-
life is only 35 minutes for estrone com-
pared with 5–7 hours for estrone sulfate
(42,43). We measured estrone sulfate and
DHEAS because they are, respectively,
the most abundant circulating estrogen
and steroid hormone. We possibly would
have found the levels of the sulfated
forms of other steroid hormones (e.g., es-
tradiol sulfate) also to be elevated in se-
rum of women after alcohol ingestion if
we had measured them.

Estrogen sulfotransferase and hydrox-
ysteroid sulfotransferase are the sulfo-
transferases principally responsible for
sulfating estrone and DHEA, respec-
tively. As part of its stimulatory effect on
the adrenal glands, corticotropin stimu-
lates adrenal hydroxysteroid sulfotrans-
ferase (44); therefore, alcohol would be
expected to increase sulfation of DHEA
in the adrenal glands through its pur-
ported effect on the hypothalamic–
pituitary–adrenal axis. Alcoholic cirrhosis
diminishes hydroxysteroid sulfotransfer-
ase activity in the liver, but this effect is
the result of reduced enzyme content
caused by chronic liver disease rather
than by alcohol per se (45). We are not
aware of any studies that have evaluated
the effect of moderate alcohol ingestion
on estrogen and hydroxysteroid sulfo-
transferase activity.

In our study, ingestion of the alcohol
equivalent of one or two drinks per day
did not affect the serum levels of estra-
diol, which is the most potent naturally
occurring estrogen and is believed to play
a key role in breast cancer etiology (46).
However, serum levels of estradiol are
low in postmenopausal women and were
frequently below or close to the limit of
detection of the assay in our participants.
Furthermore, because estradiol is cleared
rapidly from the circulation (42), we
would have missed transient elevations,
which may have occurred immediately af-

ter alcohol ingestion. Even if alcohol did
not increase serum levels of estradiol,
it could increase estradiol levels in the
breast. Both normal and neoplastic breast
tissues contain the enzymes necessary
to metabolize androgens and estrone sul-
fate to estradiol (47,48). The relative
contribution of these precursors to the for-
mation of estradiol in the breast is contro-
versial; however, in a recent study (49),
the activity of breast tumor sulfatase ex-
ceeded that of aromatase by a factor of
10–100.

Elevated intracellular estrogens could
act through the estrogen receptor to pro-
mote breast tumor growth. Although
the association of alcohol consumption
with breast cancer risk is stronger for
estrogen receptor-positive tumors in
some studies (50,51), in other studies
(52–55), the association is stronger for
estrogen receptor-negative tumors or
does not differ by receptor status. Stimu-
lation of local synthesis of growth factors
(56,57) and polyamines (58) and forma-
tion of DNA adducts as a consequence
of 4-hydroxy-estrogen metabolism
(59,60) are alternative mechanisms by
which estrogens could affect breast can-
cer risk that do not involve the estrogen
receptor.

We evaluated the effect of alcohol in-
gestion on serum levels of 11 hormones
and SHBG. After application of the Bon-
ferroni correction for multiple compari-
sons (61), Ptrend values for estrone sulfate
and DHEAS were .108 and .001, respec-
tively. Therefore, although it is unlikely
that our DHEAS results were due to
chance, a role for chance in our estrone
sulfate results cannot be ruled out. How-
ever, given the strength of the estrone sul-
fate association, its biologic plausibility,
and its consistency with the literature, we
believe that it is unlikely to have been due
to chance.

In summary, ingestion of one or two
alcoholic drinks per day increased the lev-
els of serum estrone sulfate and DHEAS
in postmenopausal women. These hor-
mones have been associated with an in-
creased risk of breast cancer in prospec-
tive studies. Our results, therefore,
suggest a mechanism by which moderate
alcohol ingestion could modify breast
cancer risk in postmenopausal women
and provide support for a causal associa-
tion. Alcohol has numerous physiologic
effects and could also influence breast
cancer risk through nonhormonal mecha-
nisms.
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